Abstract. The Niemann-Pick C1 like 1 (NPC1L1) protein is a polytopic transmembrane protein responsible for dietary cholesterol absorption. Genetic variation in the NPC1L1 gene affects cholesterol absorption and serum cholesterol levels. However, NCP1L1 genotypes have not previously been invesigated. In this study, genotyping of the NPC1L1 gene was examined in healthy individuals as well as patients with hepatitis C virus (HCV) and inflammatory bowel disease (IBD). A total of 541 individuals were enrolled in the study, including 80 patients with HCV hepatitis, 205 with ulcerative colitis (UC) and 127 with Crohn's disease (CD). Genotyping was performed using TaqMan ® SNP assays. Minor allelic frequencies of the 17345C>G (rs2072183) and 19031G>A (rs4720470) SNPs were found to be 0.40 and 0.30, respectively. No significant differences were detected in serum HCV levels in the 1735C>G or 19031G>A SNPs. The 1735C>G SNPs were not associated with total cholesterol (TC) levels in the healthy controls and/or HCV patients. However, statistically significant associations between the 1735GG variant and TC levels were detected in CD patients, with 1735GG carriers
Introduction
Well-balanced cholesterol homeostasis in the body is crucial for human health. Clinical and animal studies have established a direct correlation between plasma cholesterol levels and the risk of coronary artery disease, which is the leading cause of mortality in developed countries (1, 2) . Cholesterol homeostasis in the body is maintained mainly by de novo synthesis, intestinal absorption and biliary and intestinal excretion. Cholesterol biosynthesis is a well-defined energy-consuming and feedback-regulated process, which is mediated by a family of membrane-bound transcription factors and sterol regulatory element-binding proteins (3, 4) .
The molecular mechanisms and regulation of intestinal cholesterol absorption were poorly understood until the discovery of the Niemann-Pick C1-like 1 (NPC1L1) protein (5) . NPC1L1 is a polytopic transmembrane protein located on the brush border membrane of the small intestine in mammals and on the canalicular membrane of hepatocytes in primates (6, 7) . It is essential for dietary cholesterol absorption and biliary cholesterol reabsorption. NPC1L1 recycles between the plasma membrane and the endocytic recycling compartment. Cholesterol depletion induces the transport of NPC1L1 towards the plasma membrane and cholesterol replenishment, generating the endocytosis of NPC1L1. In this way, NPC1L1 mediates cholesterol uptake through vesicular endocytosis. A growing body of data supports involvement of NPC1L1 and NPC1L1-dependent intestinal cholesterol absorption in metabolic diseases, such as non-alcoholic fatty liver disease, insulin resistance, diabetes and obesity, in addition to atherosclerotic coronary heart disease.
NPC1L1 is the molecular target of ezetimibe, an inhibitor of cholesterol absorption that has been approved for the treatment of hypercholesterolemia (8, 9) . Ezetimibe binding to NPC1L1 may result in NPC1L1 protein conformational changes, thereby disturbing the interactions between NPC1L1 and free cholesterol, and ultimately inhibiting cholesterol-induced NPC1L1 endocytosis (6, 9, 10) . NPC1L1 has been reported as a hepatitis C virus (HCV) entry factor into hepatocytes amenable to therapeutic intervention (11) . NPC1L1 expression is necessary for HCV infection, while ezetimibe potently blocks HCV uptake in vitro via a virion cholesterol-dependent step before virion-cell membrane fusion (11) . Moreover, ezetimibe inhibits infection by all major HCV genotypes and delays the establishment of HCV infection. Thus, NPC1L1 is thought to be a new antiviral target and potential therapeutic agent.
Significant inter-individual variability has been reported for the rates of intestinal cholesterol absorption and cholesterol reduction post-ezetimibe treatment. Genetic variation in NPC1L1 is considered to be one of the factors affecting serum cholesterol levels and the clinical response to ezetimibe (12, 13) . However, NPC1L1 genotypes in the Japanese population have not been previously investigated. In this study, we performed genotyping of the NPC1L1 gene in a Japanese population, including apparently healthy individuals, HCV hepatitis and inflammatory bowel disease (IBD) patients.
Patients and methods
Study populations. A total of 541 individuals, who were treated at the Hospital of the Shiga University of Medical Science (Otsu, Japan) and the Notogawa Hospital (Higashioumi, Japan), were enrolled in the study. These individuals included 80 patients with HCV hepatitis, 205 with ulcerative colitis (UC) and 127 with Crohn's disease (CD). Table I shows the patient demographic characteristics. Informed consent was obtained from the patients. The ethics committee of each participating medical center approved this study.
Genotyping. Samples were genotyped using TaqMan ® SNP assays (Applied Biosystems, Inc., Foster City, CA, USA), as previously described (14) . Six single nucleotide polymorphisms (SNPs) in the NPC1L1 locus were genotyped in this study: four SNPs in the protein-coding region [39C>A (rs41279633), 1759G>A (rs61737028), 1735C>G (rs2072183) and 25216G>A (rs52815063)] and two SNPs in the non-coding region [19031G>A (rs4720470) and 10848A>G (rs11763759)]. HCV RNA levels were analyzed using the TaqMan RT-PCR test. The measurement ranges of these assays were 1.2-7.8 log IU.
Statistical analysis. Hardy-Weinberg equilibrium analysis was performed in these subjects by comparing the detected distribution of the allelic frequencies with the theoretical distribution estimated from the SNP allelic frequencies. P>0.05 (Chi-square statistics) was considered to indicate equilibrium. The categorical variables were presented as frequencies and percentages as needed. The continuous variables were reported as the means ± SD (range). The Kruskal-Wallis H test was used for the statistical analyses. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics and genotyping. The participating patients had a mean age of 47.8±17.2 years and a mean body mass index of 22.0±4.1 kg/m 2 (Table I) . Six polymorphisms of the NPC1L1 gene, represented in the National Center for Biotechnology Information SNP database, were investigated. The genotype distributions and allelic frequencies are listed in Table II . The allelic frequencies conformed to the Hardy-Weinberg equilibrium (P>0.05). Four SNPs [39C>A (rs41279633), 1759G>A (rs61737028), 25216T>A (rs52815063) and 10848A>G (rs11763759)] showed a skewed distribution, and the minor allelic frequencies were extremely low in the Japanese population. Therefore, we focused on two SNPs [1735C>G (rs2072183) and 19031G>A (rs4720470)] in the following analyses of the correlation between genotypes and clinical parameters. Our findings indicated that the minor allelic frequencies of the 17345C>G and 19031G>A SNPs in the Japanese population were 0.40 and 0.30, respectively.
Effects of NPC1L1 of minor alleles.
Recent studies have demonstrated that NPC1L1 mediates HCV entry into hepatocytes, and ezetimibe blocks this response in vivo (11, 15) . Based on these reports, we checked for differences in the serum HCV RNA levels of the 1735C>G and 19031G>A SNPs (Tables III  and IV) . However, no significant differences were detected in serum HCV levels in the 1735C>G or 19031G>A SNPs, and this result indirectly suggests that the 1735C>G or 19031G>A SNPs may not affect the HCV entry into hepatocytes in the Japanese population.
Total cholesterol and total triglyceride levels stratified by the 1735C>G SNPs and diseases are shown in Table III . The 1735C>G SNPs were not associated with total cholesterol and triglyceride levels in the healthy controls and HCV patients. However, homozygotes of the minor alleles (1735GG variant) were associated with higher total cholesterol levels in the IBD patients, including UC and CD. Statistically significant associations between the 1735GG variant and total cholesterol levels were most pronounced in CD, with the 1735GG carriers having the highest total cholesterol levels as compared to the 1735CC and 1735CG carriers (P=0.048). Similar trends were noted in the UC patients, but did not reach statistical significance (P=0.19 for total cholesterol). By contrast, the total triglyceride levels of the CD patients tended to be lower in the 1735GG carriers as compared to the 1735CC and 1735CG carriers (P=0.094).
Baseline total cholesterol and total triglyceride levels stratified by the 19031G>A SNPs and diseases are shown in Table IV . The 19031G>A SNPs were not associated with total cholesterol levels in the healthy controls or HCV/IBD patients. However, homozygotes of the minor alleles (19031AA) were associated with higher triglyceride levels in the IBD patients. Significant associations between the 19031AA variant and triglyceride levels were most pronounced in CD, with the 19031AA carriers having the highest triglyceride levels as compared to the 19031GG and 19031GA carriers (P=0.050). Similar trends were also observed in the UC patients, but did not reach statistical significance (P=0.70).
Discussion
Multiple rare sequence variants in the NPC1L1 gene have recently been found to be associated with variations in cholesterol absorption and plasma cholesterol levels (12, 13, 16, 17) . In their study, Cohen et al (18) identified a series of non-synonymous sequence variations of NPC1L1 associated with high or low cholesterol absorption using the campesterol:lathosterol ratio as a surrogate marker of cholesterol absorption (18) . Certain sequence variations associated with low cholesterol absorption destabilized NPC1L1, resulting in lower steady-state levels of NPC1L1 (19) . Furthermore, genetic variation in NPC1L1 is now considered to be one of the factors that affect serum cholesterol levels and the clinical response to ezetimibe (12, 13) . However, a systematic examination and comparison of these NPC1L1 variants remains incomplete.
The present study investigated the allelic and genotypic distribution of 1735C>G (rs2072183) and 19031G>A (rs4720470) SNPs in the NPC1L1 gene in a large number of Japanese subjects. The frequencies of the NPC1L1 1735G allele and 19031A allele were 40 and 30%, respectively. The genotype distribution of 1735C>G was identical to that of a previous report in a Japanese population by Maeda et al (20) . By contrast, the minor allelic frequencies of the 4 SNPs [39C>A (rs41279633), 1759G>A (rs61737028), 25216T>A (rs52815063) and 10848A>G (rs11763759)] were found to be extremely low in the Japanese population.
The frequency of the NPC1L1 1735G minor allele was different in the Japanese population (40%) and other ethnic communities. Hegele et al (21) reported that the frequency of the minor allele was 25.0% and the frequencies of the CC and GG genotypes were 55 and 5% in the Canadian population. Furthermore, Siomon et al (12) reported that the minor allelic frequency was 21.9, 28.3 and 17.9% in healthy Caucasians, African Americans and Hispanics, respectively. In Asian populations, Chen et al (22) analyzed the genetic polymorphisms of the NPC1L1 gene in a Chinese population and found that the frequency of the minor allele was 35.7% and the frequencies of the CC and GG genotypes were 39.3 and 10.7%, respectively. These were lower compared to the results of the present study. In addition, the frequency of the NPC1L1 19031A minor allele in the Japanese population (30%) was different from that in previous studies. Simon et al (12) reported that the frequency of 19031A was 4.9, 10.4 and 4.6% in Caucasians, African American and Hispanics, respectively. These were lower compared to the results of the present study. Thus, these results suggest that the prevalence of the 1735 G and/or 19031 A allele variants in the NPC1L1 gene may have an ethnic specificity.
Recent studies have demonstrated that NPC1L1 mediates HCV entry into hepatocytes (11, 15) . However, there was no correlation between serum HCV levels and the 1735C>G or 19031G>A SNPs. This indirectly suggests that the 1735C>G or 19031G>A SNPs have no involvement in HCV entry into hepatocytes in the Japanese population and further investigation is required in other SNP carriers in the future.
A recent meta-analysis of 46 participating studies demonstrated that a mutation of 1735C>G (rs2072183) had an important correlation with serum TC and LDL-C levels (23) . The minor allele 1735G has been reported to be associated with relatively higher TC and LDL-C levels in a European population, while 1735GG carriers showed higher LDL-C levels as compared to CC and CG carriers (17) . In their study Maeda et al (20) demonstrated that the campesterol level, a marker of cholesterol absorption, was significantly higher in the GG vs. the CG/CC genotypes in a Japanese population. The minor allele 1735G is also associated with non-responsiveness to ezetimibe and this is possibly due to the higher absorption of cholesterol (13) . By contrast, a negative correlation between the 1735G minor allele and serum TC levels has been shown in several previous reports. Simon et al (12) reported that there was no correlation between 1735G and basal cholesterol levels in healthy individuals, including Caucasians, African Americans and Hispanics. Similar results have also been reported by Zhao et al (24) . In this study, no correlation was detected between 1735C>G SNPs and TC levels, with the exception of CD. The 1735GG carriers with CD showed a significant elevation of their TC levels as compared to CC and CG carriers. CD is a chronic inflammatory disorder of the intestine, and is frequently accompanied by a malnutrition state (25) . Accelerated cholesterol absorption due to the 1735GG variant might become apparent in such a malnourished condition, and is considered favorable for CD patients.
No significant correlations were detected between the NPC1L1 19031A minor allele and TC levels. The functional change in the NPC1L1 protein associated with the 19031A minor allele remains unclear. Wang et al (13) previously reported that the minor allelic frequencies of the 19031G>A genotype were equally detected in responders and nonresponders to ezetimibe. This observation suggests that the 19031A minor allele may not be associated with functional changes in the NPC1L1 protein.
In conclusion, we analyzed the NPC1L1 1735C>G and 19031G>A polymorphisms, and demonstrated an association with serum lipid levels in a Japanese population. Furthermore, we investigated the association between the NPC1L1 1735C>G and/or 19031G>A polymorphisms with HCV RNA levels. The NPC1L1 1735GG variant may be associated with the active absorption of cholesterol, and may be favorable for CD accompanied by malnutrition.
